Introduction
There are many alternatives to soya for animal feed in the tropics (e.g. meals coming from local protein-rich resources such as beans, peas, aquatic plants or leguminous foliage). The study and evaluation of such alternatives must be based on their amino acid availability and profile, using the approach of investigating non-ruminant species. For this criterion, there is often a gap between the amino acid profiles of plant resources and the profile of amino acids truly available for the animal. In the short and medium term, new studies have to be performed to take into account the large diversity of rich protein resources in the tropics. Overall, the alternatives are broader for herbivores than for other animal species, since the concentration of fibre and secondary compounds is a limiting factor that will discriminate their proposal of use among domestic animal species. Such evaluations must also take into account the farming system functions and productive purposes. The paradigm is changing and, compared to years ago, maximising animal performance is not the priority goal of the systemic approach. Currently, multiple animal responses to alternative diets should be taken into account for their optimisation. A criterion such as environmental impact is often decisive in the combination of global and local approaches.
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Vietnam), some fish species are included into the cycle with a multi-species breeding approach. Other experiences include, for example, small-scale worm production for poultry nutrition. Until now, this kind of technology has mainly been associated with small farms. Some foliage, seeds and fruits from protein-rich plants are excellent sources of protein. The high efficiency of photosynthesis in the tropics is an asset. In addition, there is a great diversity of such plants rich in proteins which are potentially utilisable by animals. This biodiversity is in contradiction with the low number of resources actually used. There is also a great potential to produce high yields of protein on farms with the inclusion of tropical species of forage trees and shrubs and aquatic plants in farming scenarios. The protein yields of such crops are sometimes higher than that of soya, as illustrated by Figure  1 . However when one takes into account the digestibility of the biomass produced, soybeans retains high productivity. The interest of plants as soybean alternative resources are very variable in the function of the target animal species considered because of the features of their digestive physiologies. The ability of certain animal species (i.e. ruminants) to digest fibre and synthesise some essential amino acids because of the presence of a large microbial population in the digestive tract gives them a clear advantage. Consequently, differences have to be made between herbivores (ruminants, horses, rabbits) and other animal species (i.e. nonruminants or monogastrics like pigs or poultry). Globally, herbivores are able to valorise all plant fractions (foliage, seeds and fruits). Non-herbivores will be able to valorise mainly seeds, fruits and low fibre content foliage. Moreover, with the non-herbivores, the valorisation of foliage is better with low total fibre diets like molasses, sugar cane juice… Soybean is widely used in conventional intensive animal feeding systems because of its known high protein content (38-42%) and good amino acid balance and digestibility (Baker, and Stein, 2009; Cervantes-Pahm et al., 2008; Hartwig, et al., 1997; Johnson, 2008; Opapeju et al., 2006) . Actually, there is a consensus on the criterion that the amino acid content, balance www.intechopen.com
The Alternatives to Soybeans for Animal Feed in the Tropics 277 and ileal digestibility of the abovementioned plant resources are the major criteria at the time of selecting the best alternatives. Unfortunately, these indications remain scarce for many alternatives to soya. Conventional concentrates based on cereals and soybean meals are generally imbalanced, in particular with regard to methionine, cysteine and threonine (Ogle, 2006) . Most green forages are reasonably high in protein and contain concentrations of the essential amino acids that are close to matching the pig's requirements (Ogle, 2006) . This means that if they are combined with an energy source that is extremely low in protein and fibre, such as sugarcane juice, molasses, sugar palm juice or cassava root meal, then the essential amino acid content of the overall diet will still be balanced and the protein content can be reduced by up to 30-35 % (Ogle, 2006) . Anti-nutritional factors could penalise choosing some foliage species. Many of the green forages in the tropics that are potentially valuable sources of protein contain anti-nutritional factors that can depress animal performance, such as cyanogenic glycosides, trypsin inhibitors, mimosine, goitrogens, oxalic acid, tannins and saponins. However, many of these can be inactivated to a greater or lesser extent by various processing methods, such as heat treatment, sun-drying or ensiling (Ogle, 2006) .
Industrial oil seed by-product resources
Feed cakes, as by-products of the oil industry, comes from various seeds rich in oil and are widely used as animal feed (Table 1) . Feed cakes are thus mainly used as a source of protein.
The protein content and their amino acid profiles vary with the botanical origin of the seeds. They may also contain varying amounts of oil depending on the technology employed to perform oil extraction. They are also more or less rich in fibre in accordance, once more, with the botanical origin of the seed, or whether the seed has been peeled or not. Some seeds, depending on the variety, can contain large quantities of more anti-nutritional substances that can be eliminated by technological treatments. The amount of fibre and its digestibility affect the energy value of meals. Cakes richer in fibre are normally given to ruminants while the less fibre-rich by-products can be used by all animal species. Improper storage of the meal may cause the development of some toxic fungi (e.g., aflatoxin) that could put livestock health at risk.
Seed resources
Several reports concerning the interest in seeds as feed have been made: Bhat and Karim 2009; Mekbungwan, 2007 and Ekanayake et al. 2000 . In temperate and tropical areas, the search for alternative protein sources has led to an increasing interest in the use of grain legumes. These legumes supply protein and are nitrogen-fixation crops in rotation or mixed crops within farms. One limit of grain legume use of in animal nutrition is the high concentration of secondary plant metabolites (protease inhibitors, alkaloids, lectins, pyrimidine, glycosides, saponins) found in some species. These metabolites, in some concentrations, can induce feed refusals (tannins, alkaloids), reduced nutrient digestibility (tannins, protease inhibitors, lectins) or even toxic effects (alkaloids) (Jezierny, 2010) . Generally, secondary metabolites are more abundant in wild species compared with cultivated species. In the tropics, some legumes seeds are food and feed and consequently competition potentially exists between humans and animals. Siddhuraju and Becker, 2007; Ekanayake et al, 2000; Sridhar and Seena, 2006; Ekanayake et al, 1999. 3) Hossain and Becker, 2001 .4) Mekbungwan, 2007 foliage. The first reported works concerning high protein foliage concerned ruminants. Leng (1997) indicated that the role of fodder trees in ruminant diets can be seen as threefold:
• "as a N and mineral supplement to enhance fermentative digestion and microbial growth efficiency in the rumen of cattle on poor quality forage • As a source of post-ruminal protein for digestion. In this role, the influence of secondary plant compounds in binding protein and making it insoluble is of particular importance • As a total feed, supplying almost all the biomass and other nutrients needed to support high levels of animal production". A low level of tannin (less than 5% dry matter) can have a positive impact by protecting the protein against ruminal degradation and contributing to enhanced intestinal amino acid flow useful for the animal. Dried foliage improves ruminant growth compared with fresh material. This response might be related to a change in the decrease of protein solubility in the rumen and increasing the bypass protein content of dry leaves. Drying also reduces the tannin content of the leaves. Patra et al (2008 Patra et al ( , 2009 ) conducted a meta-analysis on the effect of supplementation of forages with foliages for ruminant diets. The main conclusions are: 1) organic matter digestibility of rations increases, following a linear law. The laws of response to crude protein content of the forage and the total diet are quadratic with an optimum reached with 14-15% of foliage in the total diet, 2) The CP digestibility of the diet is affected by the percentage of foliage in the diet, the CP content and the amount of crude protein supplied by the foliage, the NDF content of foliages, 3) The maximum intake of organic matter and digestible protein are reached with respectively 37 and 42% of foliage in the diet. The optimum catalytic properties (rumen microbial digestion) is achieved with 16% of foliage in the diet, although due to the response on intake, 42% of foliage in the diet are needed to achieve optimum animal performance. Preston (2006) did a review on the interest of foliage as pig feed. A large diversity of resources can be used. Foliage with a low level of fibre is the best feed and needs to be associated with low fibrous diets. Recently, Regnier (2011) studying the intake and digestion of several foliages concluded that, due to their high fill unit and low digestibility, their contribution should not exceed 25% of the total dry matter intake in growing pigs to avoid penalising their growth. The non-protein nitrogen, and therefore not usable by pigs, contributes 25-30% of the total nitrogen content in the foliages. The digestibility of amino acids was varied from 15 to 45%. Leterme (2009 Leterme ( , 2010 had similar conclusions but indicated that sows digested better these resources compared to growing pigs. Table 3 reports the chemical composition of several foliages. There is variation with contradictory values being reported by different authors. Foliage has a relatively low level of crude fibre and a ratio of sulphur amino acids relative to lysine close to that in the "ideal protein" (Preston 2006) . The wide differences found in many reports for amino acid levels in cassava and sweet potato leaves, for example, emphasises the need for a coordinated research effort in which common samples of the most useful protein-rich leaves are distributed for analysis to several laboratories where the necessary equipment and expertise are available (Preston 2006 Table 3 . Major essential AA in the "ideal protein", soybean meal and leaves of selected protein-rich leaves (Preston 2006) In the following, we concentrate the discussion on some potential tropical resources, which should be taken into account as alternatives to the use of soybean meal in animal nutrition.
General considerations

Giant Taro (Alocasia macrorrhiza) and New cocoyam (Xanthosoma sagittifolium) leaves
Giant Taro is widely distributed in tropical latitudes. It has high protein (24% in DM) and low crude fibre (15% in DM) contents (Gohl, 1973) . Nevertheless, many varieties have a pungent taste caused by oxalate crystals which also cause the mouth to itch (Gohl, 1973) . In Cambodia, for example, farmers traditionally boil the leaves before feeding them to pigs as in the fresh state the leaves are not readily consumed (Preston 2006) . "New Cocoyam" is thought be native to South and Central America. It is highly palatable to pigs (Rodríguez et al. 2009 ). With growing pigs fed a low fibrous diet like sugarcane juice, a level of 50% of substitution of soybean meal protein with New cocoyam leaves did not affect growth as illustrated in Figure 2 .
Sweet potato (Ipomoea batatas) foliage
The crude protein and crude fibre content of the foliage of sweet potato vary largely with the variety and the plant fraction (leaves or stem). Crude protein contents range from 26.5 to 32.5% and 10.4 to 14.1% in leaves and stems, respectively (Preston, 2006) . Mean values of Fig. 2 . Growth curves of pigs fed a basal diet of sugarcane juice supplemented with soybean meal or a 50:50 mixture (equal protein basis) of the leaves of "New Cocoyam" and soybean meal (Preston, 2006) .
crude fibre are 11.1 and 20.7% for leaves and stems, respectively (Preston, 2006) . The total essential amino acid content in the protein is higher than in soybean protein (Phuc et al, 2000 (Phuc et al, 2001 Montagnac et al., 2009 Nguyen et al (2010) indicated that sweet potato vines replacing 70% of the CP from fish meal in diets and providing 35% of the total CP had no effect on the performance and carcass traits of Large White × Mong.
Mulberry (Morus alba) forage
An overview of the interest of mulberry as feed is available from Sánchez (2000 Sánchez ( , 2002 . Mulberry agronomic productivity, palatability and nutritive value make it an important resource for improving and intensifying a large variety of livestock production practices. Mulberry foliage is used for ruminants and monogastric animals. The protein content is high (15 to 28% depending on the variety) in the leaves and young stems, with a good essential amino acid profile (Sánchez 2002) . No anti-nutritional factors or toxic compounds have been reported. Mineral content is high. The leaves are used as supplements replacing concentrates for dairy cattle, as a main feed for goats, sheep and rabbits and as an ingredient in monogastric diets (Leterne, 2009).
Cassava (Manihot esculenta) leaves
Cassava leaves are rich in protein and the total essential amino acid content in the protein has been reported to be higher than in soybean protein (Phuc, 2000; Montagnac et al., 2009 showed that final body weight, daily average weight gain (450 g/day) and the dry matter intake and feed conversion ratio (FCR) among experimental treatments were not significantly different. It was concluded that using ensiled or dry cassava leaves replacing 70% of the CP from fish meal in diets and providing 35% of the total CP had no effect on the performance and carcass traits of the Large White × Mong Cai pigs.
Duckweed (Lemna spp.)
Duckweed (Lemna spp.) are small floating aquatic plants found worldwide. They are monocotyledons of the botanical family Lemnaceae and form dense mats over large areas of the water surface. Duckweeds are free-floating and do not have stems or typical leaves. Leng et al (1995) reported that, in sewage water in Australia, the protein content of duckweed increased from 20-25 to 35-40% in dry matter when N in the water increased from <5 to 15 mg/litre). In this same trial, the yields of duckweed dry matter were in the range of 10 to 30 tonnes/ha/year, equivalent to protein yields of duckweed of as high as 10 tonnes/ha/yr. Anh and Preston 1997 compared the growth of ducks fed with cassava meal and sugar. The protein sources were soya meal or duckweed. It was reported that duckweed can be used as a non-conventional protein source to completely replace soya bean meal and could be the sole source of protein in diets for ducks. Nevertheless, the availability of protein in duckweed should be lower than that of soya bean. This result has been explained by the fibre contents of the products. There was more fibre in duckweed (10% dry matter) than in soya bean meal (about 5% fibre), so it is likely that the digestibility of the protein in duckweed is the factor limiting its utilisation. Preston (2000) reported mean growth of 500 g/day against 400 g/day for pigs fed with fresh duckweed protein source versus rice by-products on farms in Central Vietnam.
Conclusions
In conclusion, within the vast tropical biodiversity, there are many plant resources to replace partially or completely soybeans in livestock diets. The possibilities of substitution of soybean by other resources are more important for herbivores in relation to nonherbivores. Resources alternative to soybean are used mainly on smallholder mixed farming involving livestock and crops. In the modern farming systems, livestock receive diets based on cereal and soybean as the main sources of energy and protein respectively. Further research needs to be performed to study the alternatives to soya.
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